ABSTRACT BACKGROUND: Although processes of care are common proxies for health care quality, their associations with medical outcomes remain uncertain. METHODS: For 2076 patients hospitalized with pneumonia from 32 emergency departments, we used multilevel logistic regression modeling to assess independent associations between patient outcomes and the performance of 4 individual processes of care (assessment of oxygenation, blood cultures, and rapid initiation [Ͻ4 hours] and appropriate selection of antibiotic therapy) and the cumulative number of processes of care performed. RESULTS: Overall, 141 patients (6.8%) died. Mortality was 0.3% to 1.7% lower for patients who had each of the individual processes of care performed (P Ն.13 for each comparison); mortality was 7.5% for patients who had 0 to 2 processes of care, 7.2% for those with 3 processes of care, and 5.8% for those with all 4 processes of care performed (P ϭ .39). Mortality was not significantly associated with either individual or cumulative process measures in multivariable models. CONCLUSION: Neither the individual processes of care nor the cumulative number performed is associated with short-term mortality for pneumonia. Published by Elsevier Inc.
Over the past decade, evidence-based processes of care have been the primary targets of national efforts to improve the quality of care for patients with pneumonia. [1] [2] [3] [4] [5] [6] The Joint Commission on Accreditation of Healthcare Organizations uses these measures in its national hospital accreditation program, and the Centers for Medicare & Medicaid Services (CMS) link them to public reporting and pay-for-performance initiatives. [7] [8] [9] [10] Although secular improvements in mortality, hospital length of stay, and readmission have been documented during a similar time frame as improvements in hospital performance of processes of care, [11] [12] [13] direct associations between improved performance of pneumonia-specific processes of care and patient outcomes remain unclear.
Although some observational studies have demonstrated significant associations between performance of blood cul-tures, rapid initiation of antibiotic therapy, appropriate selection of antibiotic therapy, and improved outcomes for patients hospitalized with pneumonia, [14] [15] [16] [17] [18] [19] not all studies have demonstrated these results. [20] [21] [22] The majority of these studies were retrospective, [15] [16] [17] [18] [19] [20] small, 14, 19, 21 or conducted at a single site, 14, 21 and had imperfect adjustment for severity of illness at presentation and limited assessment of patient-centered medical outcomes. To our knowledge, no studies have reported doseresponse associations between the number of recommended processes of care performed and patient outcomes. We studied the associations between the performance of evidence-based processes of care and short-term mortality and other medical outcomes in patients hospitalized with pneumonia in the Emergency Department CommunityAcquired Pneumonia (EDCAP) Trial. 23 
MATERIALS AND METHODS

Study Design and Patient Eligibility
We studied hospitalized patients enrolled in a multicenter, cluster-randomized study performed at hospital emergency departments in Connecticut (n ϭ 16) and Pennsylvania (n ϭ 16) between January and December 2001. 23 Study sites were randomized to low-intensity (n ϭ 8), moderate-intensity (n ϭ 12), or high-intensity (n ϭ 12) guideline implementation strategies to promote performance of evidencebased processes of care for pneumonia and to use the Pneumonia Severity Index (PSI) to guide the initial site of treatment decision. The PSI is a validated prediction rule for pneumonia prognosis that stratifies patients into 5 classes of risk for mortality. 24 Institutional review boards responsible for all sites approved the trial. EDCAP study methods and findings on the interventions' effectiveness and safety have been reported. 23, 25 We enrolled adult patients (aged Ն 18 years) with clinical and radiographic evidence of pneumonia. We excluded patients with hospital-acquired pneumonia, immunosuppression, specified conditions (eg, cystic fibrosis, pregnancy), or psychosocial or substance abuse problems incompatible with outpatient treatment or follow-up.
We defined inpatient treatment as hospital admission, transfer from an emergency department to an inpatient hospital observation unit, or admission to an emergency department observation unit with discharge to any setting more than 24 hours after presentation. The current study focuses exclusively on inpatients, because most data linking processes of care and outcomes for pneumonia come from such populations, [14] [15] [16] [17] [18] [19] and the increased severity of illness among inpatients enhanced our opportunity to detect processoutcome associations.
Practice Guideline Implementation
The practice guideline used in the EDCAP Trial consisted of 4 recommendations for initial processes of care for patients hospitalized from the emergency department: assess arterial oxygenation on presentation; obtain 2 blood cultures before antibiotic administration; initiate antibiotic therapy within 4 hours of presentation; and appropriately select empiric antibiotic therapy. All 4 processes of care were recommended by medical society guidelines preceding the trial.
5
Baseline Data Collection
We collected data on patient demographics, comorbid conditions, physical examination findings, laboratory and radiographic findings, and medical treatments. We also collected information on emergency department medical providers and participating emergency departments.
Performance of Processes of Care
We documented the performance of the guideline-recommended processes of care by reviewing medical records. We defined the assessment of arterial oxygenation as the performance of pulse oximetry or an arterial blood gas in the emergency department. We defined administration of appropriate antibiotic therapy as the prescription of guidelinerecommended drug(s) for patients admitted to a hospital ward, an intensive care unit, or coronary care unit from the emergency department. We determined whether blood cultures were performed before initiation of antibiotic therapy. The time interval between presentation and initiation of antibiotic therapy denoted whether the first dose of antibiotic therapy was received within 4 hours. We created a categoric summary measure (0-2, 3, and 4) of the total number of individual processes of care performed.
Patient Outcomes
Our primary study outcome was mortality 30 days after presentation. During the index hospitalization, we assessed length of stay in days (median and interquartile range) and intensive care unit or coronary care unit admissions for cardiac ischemia or arrhythmia, respiratory failure, or hemodynamic compromise. We also assessed readmission within 30 days after initial presentation.
CLINICAL SIGNIFICANCE
• Evidence-based processes of care are considered proxies of quality in national, publicly reported quality improvement programs.
• There were no independent associations between individual processes of care or the cumulative number performed and mortality or readmission for patients with pneumonia.
• Although performing such processes of care will likely continue to represent the standard of care for pneumonia, their continued use as proxies for health care quality is uncertain. 
Statistical Analyses
We used chi-square and Kruskal-Wallis tests to compare baseline patient characteristics. We used the Rao and Scott second-order corrected Pearson chi-square test statistic to compare provider and site characteristics across the number of processes of care performed, accounting for the clustering of patients at the provider and site levels. 26, 27 To assess associations between process measures and patient outcomes, we used multilevel logistic regression modeling to account for the clustering of patients within providers and sites. For length of stay analyses, these multilevel models were calculated using discrete proportional hazards models, with patients who died during the index hospitalization censored on death. We adjusted for baseline severity of illness using PSI risk class and patient, provider, and site characteristics not included in the PSI (listed in Table 1 ).
To allow comparisons to studies conducted in Medicare populations, [15] [16] [17] [18] we used similar methods to analyze the multivariable associations between process measures and patient outcomes for patients aged 65 years or more. Because admission to an intensive care unit or coronary care unit from the emergency department affects the definition of appropriate antibiotic therapy, we also assessed the effects of such admissions and their timing (ie, on or after the day of presentation) on associations between process measures and patient outcomes.
We conducted all statistical analyses using Stata 11 (StataCorp LP, College Station, Tex) and MLwiN 2.02 (University of Bristol, Bristol, UK). Two-sided P values Ͻ .05 were considered statistically significant.
RESULTS
We enrolled 3615 (80.2%) of 4506 eligible patients and excluded 414 patients from process of care analyses. This study focuses on the 2076 hospitalized patients in the EDCAP Trial.
Patient, Provider, and Site Characteristics
The median age of patients was 74 years, 51.2% were women, 90.3% were non-Hispanic white, and 51.5% were in the 3 lowest PSI risk classes (Table 1) . Of the 378 responsible medical providers, 81.0% were male and 67.0% BP ϭ blood pressure; PSI ϭ Pneumonia Severity Index. *We compared patient characteristics by the total number of processes of care performed using 2-sided chi-square tests for categoric variables and with Kruskal-Wallis tests for age. Comparisons of provider and site characteristics account for the clustering of patients within providers and emergency department sites. Calculations were made at the patient level for all characteristics and are based on the entire inpatient population (n ϭ 2076) except for physical examination findings, laboratory and radiographic findings, and provider characteristics, for which denominators are based on available data. For these characteristics, data were missing for Ͻ 5% of patients except for arterial pH, for which data were available for 546 patients (26.3%).
†Other races and ethnicities consist of Asian/Pacific Islanders, Native Americans or Alaskan Natives, and uncategorized. ‡Comorbid conditions not contained in the PSI. §Study sites were randomized to low-, moderate-, or high-intensity guideline implementation strategies.
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worked 12 or more shifts per month. Most (90.6%) of the 32 emergency departments were located in urban areas, and 50.0% were affiliated with teaching hospitals.
Performance of Processes of Care
Overall, 2027 patients (97.6%) had an assessment of arterial oxygenation, 1314 patients (63.3%) received 2 blood cultures before antibiotic therapy, 1632 patients (78.6%) received the first antibiotic dose within 4 hours, and 1308 patients (63.0%) received appropriate antibiotic therapy (Table 2) . Cumulatively, 534 patients (25.7%) received 0 to 2 processes of care, 837 patients (40.3%) received 3 processes of care, and 705 patients (34.0%) received all 4 recommended processes of care. Patients admitted to an intensive care unit or coronary care unit on the day of admission were less likely to receive appropriate antibiotic therapy compared with patients never admitted to such a unit or admitted Ն 1 day after hospitalization (40.4%, 64.8%, and 60.9%, respectively; P Ͻ.001).
Patient Outcomes
A total of 141 patients (6.8%) died within 30 days, 275 patients (13.3%) were admitted to an intensive care unit or coronary care unit during the index hospitalization (141 on day of admission), and 175 patients (8.8%) were rehospitalized within 30 days of presentation. Overall, the median length of stay was 5 days (interquartile range 3-7). Mortality was higher in the 1476 patients aged 65 years or more compared with younger patients (8.6% vs 2.4%, P Ͻ.001) and in the 275 patients who were ever (versus never) treated in an intensive care unit or coronary care unit (18.2% vs 5.1%, P Ͻ.001). Median length of stay was longer for patients aged 65 years or more compared with younger patients (median 5 days, interquartile range 3-8 vs median 4 days, interquartile range 3-6; P Ͻ.001). None of the study outcomes differed significantly by intervention arm.
Associations of Processes of Care and Mortality
As shown in Table 3 , mortality was 0.3% to 1.7% lower for patients who had each of the individual processes of care performed compared with those who did not (P Ն.13 for each). Mortality was 7.5% and 7.2% for patients who had 0 to 2 and 3 processes of care performed, respectively, compared with 5.8% for patients who had all 4 performed (P ϭ .39). The adjusted odds ratios (ORs) for mortality were nonsignificantly reduced for each process of care (ranging from 0.7 to 0.9; P Ն.13 for each).
Associations of Processes of Care and Secondary Outcomes
The unadjusted point estimates for secondary patient outcomes are provided in Table 4 . The adjusted ORs (Table 5 ) of the independent associations between individual processes of care and cumulative number performed and the secondary patient outcomes are consistent with the point estimates. Performance of blood cultures before antibiotic therapy was associated with an increased adjusted odds of intensive care unit or coronary care unit admission (OR, 1.4; 95% confidence interval [CI], 1.0-1.9); antibiotic administration within 4 hours was associated with a decreased adjusted odds for length of stay (OR, 1.2; 95% CI, 1.1-1.4); and appropriate antibiotic therapy was associated with a decreased adjusted odds of intensive care unit or coronary care unit admission (OR, 0.5; 95% CI, 0.4-0.7). Patients who had 4 processes of care performed had a decreased adjusted odds for length of stay relative to those with 0 to 2 processes of care performed (OR, 1.2; 95% CI, 1.1-1.4).
Subgroup Analyses
None of the individual processes of care or the cumulative number performed was significantly associated with 30-day mortality in patients aged 65 years or more. The magnitude of the associations between antibiotic administration within 4 hours and the number of processes of care performed and decreased length of stay were similar across both age strata.
For patients treated on a medical ward for 1 or more days after hospitalization, there were no independent associations between appropriate antibiotic therapy and length of stay (OR, 1.1; 95% CI, 0.95-1.2) or subsequent intensive care unit or coronary care unit admission (OR, 0.8; 95% CI, 0.5-1.1). For patients never treated in an intensive care unit or coronary care unit, antibiotic administration within 4 hours and the number of processes of care performed both remained independently associated with a decreased length of hospital stay.
DISCUSSION
In this multicenter study of 2076 patients hospitalized with pneumonia, we found no associations between 30-day mortality and 4 commonly recommended evidence-based processes of care. Despite recent consensus medical specialty society guidelines recommending that local implementation of guidelines address a comprehensive set of processes of care with the goal of improving patient outcomes, 3 we also were unable to identify any associations between the cumulative number of processes of care performed and mortality. Neither did we find associations between the individual or cumulative process measures and the 30-day hospital readmission rate, an outcome systematically tracked by the CMS as a quality metric for US hospitals. 28 Although our observed association between rapid initiation of antibiotic therapy and decreased length of stay is consistent with the results of previous studies, 16, 19 the mechanism underlying this association remains unclear. At the patient level, it is possible that rapid antibiotic therapy leads to more rapid physiologic return to clinical stability and readiness for hospital discharge. At the provider level, clinicians who are compliant with this recommended process of care may more efficiently manage patients hospitalized for pneumonia. At the system level, hospitals that endorse the performance of such CI ϭ confidence interval; OR ϭ odds ratio. *n denotes the number of patients who died within 30 days, and N denotes the number of patients with follow-up for mortality. Patients with incomplete follow-up were excluded from the denominator in the calculation of the frequency (n/N, %) for this outcome. Follow-up for mortality was completed for 2062 (99.3%) of all 2076 patients.
†Unadjusted statistical comparisons of mortality by the processes of care performed were tested using univariate multilevel models. ‡All ORs in this table were adjusted for PSI risk class and additional baseline patient, provider, and site characteristics shown in Table 1 , and calculated using multilevel logistic models.
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guideline-recommended processes of care potentially have organizational cultures or structures that maximize efficiency of care. Two observed independent associations between individual processes of care (ie, performance of blood cultures and appropriate selection of antibiotic therapy) and intensive care unit or coronary care unit admission in our study are most likely explained by unmeasured confounding or selection bias. Clinicians' decisions to obtain blood cultures more frequently among patients admitted to an intensive care unit or coronary care unit likely reflect their assessments of increased severity of illness or their clinical sus- IQR ϭ interquartile range; ICU ϭ intensive care unit; CCU ϭ coronary care unit. *Unadjusted comparisons of secondary outcomes by the processes of care performed were performed using univariate multilevel models. †n denotes the number of patients with a secondary outcome, and N denotes the number of patients with follow-up for that outcome. Patients with incomplete follow-up or medical record review were excluded from the denominator in the calculation of the frequency (n/N, %) of these outcomes. OR ϭ odds ratio; CI ϭ confidence interval; ICU ϭ intensive care unit; CCU ϭ coronary care unit. *All ORs were adjusted for PSI risk class and additional baseline patient, provider, and site characteristics shown in Table 1 . Adjusted ORs were calculated with multilevel logistic regression models that accounted for the clustering of patients within providers and sites; for length of stay, these multilevel models were calculated using discrete proportional hazards models with patients who died during the index hospitalization censored on the day of death.
picion of sepsis. The association of appropriate antibiotic selection with a decreased rate of intensive care unit or coronary care unit admission likely reflects the lower frequency of compliance with guideline-recommended antibiotic therapy among patients who were admitted to such a unit on the day of hospitalization, because of guideline recommendations that require broader-spectrum antibiotic regimens for this subgroup. That this association did not exist in the 1925 patients treated on a medical ward for the first day of hospitalization (of whom 133 subsequently required intensive care unit or coronary care unit admission) supports this explanation and repudiates the argument that appropriate antibiotic selection leads to decreased rates of subsequent intensive care unit or coronary care unit admission.
Our inability to detect associations between performance of processes of care and mortality is consistent with some previous studies, 20, 22 but inconsistent with others. [14] [15] [16] [17] [18] We suggest 3 possible reasons. First, in contrast with most previous positive studies that focused on patients aged 65 years or more, [15] [16] [17] [18] our study included all adults. It is possible that the salutary effects of these processes of care are larger in magnitude and more discernable in elderly patients. However, our subgroup analysis of patients aged 65 years or more did not reveal any significant associations between processes of care and mortality. Second, it is possible that we adjusted more comprehensively for potential confounders of process-outcome associations by controlling for baseline severity of illness with the PSI and a wider array of patient, provider, and site-level covariates. Third, our study was not designed to assess process-outcome associations, and it may have lacked sufficient power to detect the observed 0.3% to 1.7% differences in mortality for individual process measures in 2076 patients. Most of the prior positive studies demonstrating significant process-outcome associations had sample sizes exceeding 10,000 patients. [15] [16] [17] [18] In fact, for a process measure with a baseline performance rate of 80% in a cohort with a baseline mortality of 7%, a cohort of 38,000 would be required to detect a 1% mortality difference with 80% power.
The lack of observed associations between recommended process measures and mortality or hospital readmission, coupled with the observation that many of these recommended processes of care already have reached or are swiftly approaching ceiling levels of performance, raises questions about their continued use as proxy measures of health care quality for pneumonia. For example, assessment of arterial oxygenation at presentation was "retired" as a quality measure in 2009 by the CMS because it was performed in more than 99% of patients hospitalized for pneumonia. 29 Data from 2010 indicate that the remaining 7 pneumonia performance measures are all performed in more than 90% of hospitalized patients. 30 The use of aspirin and beta-blockers for patients after acute myocardial infarction or angiotensin-converting enzyme inhibitors for patients with chronic heart failure is supported by evidence from large randomized, controlled trials, and meta-analyses showing survival benefits for these processes of care. [31] [32] [33] Unfortunately, similar high-quality evidence does not exist for pneumonia.
STUDY LIMITATIONS
Our study has several limitations. First, the study population was limited to inpatients, whereas the majority of patients with pneumonia are treated as outpatients. Because outcomes are so favorable in outpatients, it would not have been possible to assess associations between process measures and mortality in that subgroup. Second, our study is a secondary analysis of data from a trial to assess the effectiveness and safety of guideline implementation. It is possible that the exclusion criteria in the parent study limit the generalizability of our findings. Third, performance of the process measures in our study was at the discretion of the managing physicians, making it more difficult to assess nonconfounded process-outcome associations. However, our adjustment for pneumonia severity of illness and multiple additional potential confounding variables likely represents the best approach to understanding associations between processes of care and patient outcomes in the absence of randomized controlled trials of process measures for pneumonia.
CONCLUSIONS
In our study of 2076 patients hospitalized with pneumonia, we found no associations between processes of care and mortality or hospital readmission within 30 days. Although we observed small, albeit independent associations between rapid initiation of antibiotic therapy and performance of all recommended processes of care and decreased length of hospital stay, the lack of consistent evidence associating performance of pneumonia processes of care with improved patient outcomes, coupled with current high national levels of performance for these measures, casts doubts on their continued utility as quality proxies for pneumonia. In the future, researchers should conduct studies in larger populations to more definitively assess these process-outcome associations, and clinicians and policymakers need to carefully consider the next generation of quality measures for pneumonia.
